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Abstract
Background: Antidepressant use has been associated with an increased risk of falling, but no studies have been
conducted on whether antidepressant use is associated with an increased risk of head injuries which often result
from falling among older persons. The objective of this study was to investigate the risk of head and brain injuries
associated with antidepressant use among community-dwelling persons with Alzheimer’s disease.
Methods: A matched cohort study was conducted by comparing new antidepressant users (n = 10,910) with two
matched nonusers (n = 21,820) in the MEDALZ study cohort. The MEDALZ cohort includes all community-dwelling
persons newly diagnosed with Alzheimer’s disease between 2005 and 2011 in Finland. Incident antidepressant users
were identified based on register-based dispensing data from the Prescription register with a 1-year washout period
for antidepressant use. Nonusers were matched with users based on age, gender, and time since Alzheimer’s
disease diagnosis. The outcome events were defined as any head injuries and traumatic brain injuries based on
diagnoses in Hospital Discharge and Causes of Death registers. Propensity score adjusted Cox proportional hazard
models were utilized. Sensitivity analyses with case-crossover design were conducted. All registers are linkable with
unique personal identification numbers assigned for each resident.
Results: Antidepressant use was associated with an increased risk of head injuries (age-adjusted event rate per 100
person-years 2.98 (95% confidence interval (CI) 2.49–3.06) during use and 2.43 (95% CI 2.06–2.35) during nonuse,
adjusted hazard ratio (HR) 1.35, 95% CI 1.20–1.52) and traumatic brain injuries (age-adjusted event rate per 100
person-years 1.33 (95% CI 1.13–1.53) during use and 1.10 (95% CI 1.00–1.20) during nonuse, adjusted HR 1.26, 95%
CI 1.06–1.50). The risk was highest during the first 30 days of use (HR 1.71, 95% CI 1.10–2.66 for head injuries; HR 2.
06, 95% CI 1.12–3.82 for traumatic brain injuries) and remained at an elevated level for head injuries for over 2 years
of use. In case-crossover analyses, antidepressant use was consistently associated with a higher risk of head injuries.
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Conclusions: Antidepressant use was associated with an increased risk of the most severe outcomes, head and
brain injuries, in persons with Alzheimer’s disease. Antidepressant use should be carefully considered and the
association confirmed in future studies.
Keywords: Antidepressant, Head trauma, Traumatic brain injury, Older person, Alzheimer’s disease
Background
Alzheimer’s disease (AD), the most common form of de-
mentia, is a major public health challenge due to popula-
tion aging [1]. Age is the most important risk factor for
AD. As AD leads to dependency on other people it is as-
sociated with significant health care and societal costs.
For these reasons, optimal care of this vulnerable patient
group is a key challenge for the future.
Antidepressant use is frequent among older persons and
especially among persons with AD or other dementia [2–
4]. In a Finnish AD cohort, prevalence of antidepressant
use was 3.5-times more frequent among persons with AD
than among persons without AD [4]. In addition, the inci-
dence of antidepressant use peaks after the AD diagnosis,
suggesting that antidepressants are frequently initiated for
various symptoms among persons with AD [5]. Antipsy-
chotics have been traditionally used for treatment of be-
havioral and psychological symptoms of dementia
(BPSD), but their use has been associated with an in-
creased risk of cerebrovascular adverse events and
mortality [6]. Consequently, recent studies report decreas-
ing use of antipsychotics together with increasing use of
antidepressants [2, 7]. Due to more frequent use of antide-
pressants and changes associated with both aging and the
AD disease process, investigating adverse drug events
(ADE) associated with antidepressant use is crucially
important in this population.
Among older persons, antidepressant use has been fre-
quently associated with an increased risk of falls [8, 9],
injurious falls like fractures [9], and hip fractures [10]. In
addition, the risk for head and brain injuries increases
with aging [11]. Among older persons, falls are the main
causal factor for traumatic brain injuries (TBIs), whereas
younger persons experience TBIs as a result of motor
vehicle, sports, and other accidents [12]. Older persons
(aged ≥65 years) are about two-times as likely to experi-
ence a TBI compared with younger persons [13]. Thus,
fall-related head and brain injuries are a significant health
problem among older persons. However, we found no stud-
ies investigating the risk of head or brain injuries associated
with antidepressant use. One previous study assessed risk
factors for TBIs during falls among older persons, but
medication use was assessed only 4 h before the fall and
the number of users was small [14].
The objective of our study was to investigate whether
antidepressant use is associated with risk of head and
brain injuries among community-dwelling persons with
AD. We also studied the risk in terms of duration of use
and compared the risk between selective serotonin re-
uptake inhibitors (SSRIs) and other antidepressants.
Methods
Cohort
The MEDALZ (Medication use and Alzheimer’s disease)
cohort consists of all 70,718 community-dwelling per-
sons diagnosed with AD between 2005 and 2011 in
Finland. These persons were identified from the Special
Reimbursement register [3, 15]. Current care guidelines
in Finland recommend that all persons with clinically
verified Alzheimer’s disease should be prescribed anti-
dementia drugs if there is no contraindication for use
[16]. The diagnostic process was conducted according to
a predefined protocol which includes computed tomog-
raphy or magnetic resonance imaging (MRI) scan accord-
ing to the NINCDS-ADRDA [17] and DSM-IV criteria. A
certificate of the fulfillment of the diagnostic criteria must
be confirmed by a geriatrician or neurologist and sent for
evaluation to the Social Insurance Institution of Finland
which grants special reimbursement if the criteria are
fulfilled.
Registers
Data for the cohort have been collected from several
nationwide registers including the Prescription register
(years 1995–2012), the Special Reimbursement register
(1972–2012), the Hospital Discharge register (1972–2012),
and socioeconomic data since 1970 and causes of death
2005–2012 from Statistics Finland. All registers are link-
able with unique personal identification numbers assigned
for each resident. The Prescription register includes in-
formation on purchases of reimbursed drugs classified
according to the Anatomical Therapeutic Chemical (ATC)
classification system [18]. The purchased amount is re-
corded in the register as Defined Daily Dose (DDD), which
is the assumed average maintenance dose per day for a
drug used for its main indication in adults. Drug use data
are restricted to community-dwelling persons since drugs
used during stays in hospitals and public nursing homes
are not recorded in the register. The Special Reimburse-
ment register includes records of persons entitled for
higher reimbursement of drugs due to chronic diseases.
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The Hospital Discharge register includes inpatient stays in
hospitals with corresponding discharge diagnoses.
Exposure
Antidepressants were defined according to ATC class
N06A. SSRIs were defined as N06AB (fluoxetine, citalo-
pram, paroxetine, sertraline, fluvoxamine, and escitalopram
on the market in Finland). Other antidepressants (N06A
excluding SSRIs N06AB) were grouped together. When
drug use started and ended, i.e., drug use periods, were
modeled with a previously utilized method, PRE2DUP [19].
The modeling is based on sliding averages of daily dose (in
DDDs) and modeling separately each ATC code for each
person according to purchase regularity taking into account
hospitalizations, stockpiling of drugs, and changing dose.
After modeling all antidepressant drugs separately, overlap-
ping drug use periods of any antidepressant use were com-
bined to retrieve continuous duration of any antidepressant
use. For drug class analyses, SSRI-use periods were formed
by combining drug use periods of SSRI drug substances
together, and similarly for other antidepressants.
Outcome
Diagnoses of head injuries and TBIs were collected from
the Hospital Discharge register and Causes of Death
register data. Thus, our study outcome represents head
injuries and TBIs both treated in hospital and as a direct
or underlying cause of death. Based on ICD-10 codes,
head trauma was defined as S0* (injuries to the head),
and TBIs were defined as S06 (intracranial injury). For
each person, we considered only the first recorded out-
come event (with the most specific diagnosis recorded
in that period). Diagnoses of head and brain injuries be-
fore the AD diagnosis (with corresponding ICD-8 and -9
codes) were used for exclusion of persons with previous
injury, and new diagnoses after AD were considered as
the outcome of interest.
Study setting
Exclusion criteria for this study were prevalent anti-
depressant use and long hospitalization during a 1-year
washout period before AD diagnosis (Fig. 1). Persons
using antidepressants, or who were hospitalized for >50%
of the washout period or were hospitalized/institutional-
ized for >90 days at the end of the washout period, were
excluded from all analyses. Exclusions due to long-term
hospitalizations during the washout period were conducted
because drug use during hospitalizations is not recorded in
the Prescription register. Persons with previous head injury
since 1972 until the AD diagnosis were excluded from all
analyses. Furthermore, persons hospitalized/institutional-
ized for the entire follow-up period were excluded as the
follow-up time for them never started.
After these exclusions, we constructed a matched cohort
by selecting two nonusers as comparison persons for each
person who started antidepressant use. The same exclusion
criteria were applied for nonusers. At the start date of anti-
depressant use, two nonusers were matched for each user
based on age (±2 years), gender, and time since AD diagno-
sis (variation allowed at maximum ±90 days), resulting in
10,910 antidepressant users and 21,820 matched nonusers.
The purpose of this matching was to ensure that nonusers
are similar to users especially in terms of time since
AD diagnosis as a proxy for severity of illness. The same
Fig. 1 Flow chart of exclusions for this study
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persons are included in both outcome analyses (head in-
jury and TBI) and persons with head injury in TBI ana-
lyses were censored at the point when they experience
head injury other than TBI. For 63 users, two comparison
persons could not be identified and they were excluded
from further analyses. The follow-up started on the date
of antidepressant initiation for users and the correspond-
ing matching date for nonusers.
Covariates
Covariates potentially having an impact on the risk of
head or brain injury and antidepressant use were con-
sidered as described in Additional file 1. Traditional
multivariable analyses were adjusted for cardiovascular
disease, diabetes, asthma/chronic obstructive pulmon-
ary disease (COPD), epilepsy, substance abuse, cancer,
schizophrenia, bipolar disorder or depression, baseline
use of antipsychotics, opioids, benzodiazepines and re-
lated drugs, history of stroke and hip fracture, and so-
cioeconomic position. In order to simultaneously
control for a wider range of covariates that may have
impact on initiation of antidepressants, we derived a
propensity score by logistic regression. Propensity score
represents the probability of treatment (antidepressant
use) given the measured confounders that are included
in the propensity score [20]. Propensity scores help to
deal with the selection bias in which a number of ob-
served (confounding) covariates might be unbalanced
between the groups to be compared. This propensity
score, including comorbid conditions (both somatic
and psychiatric), use of antipsychotics, benzodiazepines
and related drugs, and other drugs (ever before the
follow-up or at the beginning of follow-up), and history
of previous fractures, was used for adjusting. The co-
variates are described in Additional file 1 and all covar-
iates presented in Table 1 (except age and gender,
which were matching variables) were included in the
propensity score. Socioeconomic class included missing
data (no records at Statistics Finland) for about 1% of
the cohort and this was coded as one category (un-
known). Other variables did not include missing data.
Statistical analyses
Analyses were restricted to the first antidepressant use
periods as the new user design avoids prevalent user bias
(i.e., prevalent users are the selected group as they toler-
ate the drug). Thus, the follow-up for users ended on
discontinuation of use if that happened before other rea-
sons for the end of follow-up. In all analyses, the follow-
up ended on the outcome of interest (head injury or
TBI), on >90 days hospitalization/institutionalization
period, death, or the end of study follow-up (31 December
2012). In TBI analyses, the follow-up was censored if the
person experienced a head injury other than TBI.
The analyses were conducted with Cox proportional
hazard models by taking into account the matched de-
sign (own strata were used for each matching group).
The main analyses compared antidepressant users with
nonusers. Time-varying exposure was modeled using
categorical time-dependent variable with classes for
≤30 days, 31–180 days, 181–365 days, 366–733 days,
and over 733 days of exposure. Drug class analyses clas-
sified antidepressant users to SSRI users and other anti-
depressant users and compared these with nonusers. In
drug class analyses, 38 persons starting concurrently with
both SSRI and other antidepressant use were excluded and
the analyses were censored if a person started concomitant
use or switched the drug class during the follow-up. The
drug class analyses were also restricted to the first 2000 days
of use due to sparsity of data with a longer follow-up time.
We conducted intention-to-treat (ITT) analyses to assess
the effect of informative censoring, i.e., drug use is discon-
tinued due to adverse effects that would lead to the studied
outcome. In these ITT analyses, antidepressant users were
considered as users for 180 days regardless of possible dis-
continuation of use or hospitalizations (the follow-up ended
on outcome, death, and the end of study follow-up after
which data were no longer available). The follow-up was re-
stricted to the first 180 days as the initial intention for treat-
ment was assumed to hold for only a certain time period.
In as-treated analyses, comparison of users with nonusers
was restricted similarly to the first 180 days of follow-up.
All analyses were conducted unadjusted, adjusted for
selected covariates, and adjusted for propensity score.
The covariate balance across treatment groups before
and after propensity score adjustment was assessed
with logistic regression.
In addition, the dose-response relationship between
antidepressant use and head injuries and TBIs was con-
ducted by categorizing the mean dose in DDDs used in
antidepressant monotherapy into <1 and ≥1 DDDs per
day. Dose categories were compared to nonusers and by
comparing higher dose with lower dose.
Sensitivity analyses with a case-crossover design were
used with the aim to controlling for unmeasured con-
founding. Head and brain injury cases without exclusion
of prevalent users were included in these within-
individual analyses in which each person served as their
own control. Persons with a previous head injury before
AD diagnosis were excluded, and included persons
needed to have at least 120 days of follow-up before the
event. The case period was defined as 1–14 days before the
outcome event (head injury or TBI), and three control pe-
riods were applied before the outcome (31–45, 60–74, and
120–134 days before the event). Multiple control periods
were used to test the robustness of the results. Conditional
logistic regression analyses were utilized to compare preva-
lence of antidepressant use between the case and control
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Table 1 Comparison of antidepressant users and nonusers in terms of baseline characteristics, and unadjusted and propensity score
adjusted logistic regression for differences
Antidepressant nonuser
(n = 21,820)
Antidepressant user
(n = 10,910)
Unadjusted
OR (95% CI)
Propensity score adjusted
OR (95% CI)
Female gender (matching criteria) 69.0% (15,064) 69.0% (7532) 1.00 (0.95–1.05) 0.94 (0.90–1.00)
Aged ≥80 years (matching criteria) 51.6% (11,261) 51.4% (5613) 0.99 (0.95–1.04) 0.94 (0.90–1.00)
Socioeconomic position
High 34.7% (7578) 33.5% (3659) Reference Reference
Medium 57.8% (12,618) 59.2% (6463) 1.06 (1.01–1.12) 1.04 (0.98–1.09)
Low 6.3% (1380) 6.0% (655) 0.98 (0.90–1.09) 0.92 (0.83–1.01)
Unknown 1.1% (244) 1.2% (133) 1.13 (0.91–1.40) 1.06 (0.85–1.33)
Comorbidities
Cardiovascular disease 50.6% (11,043) 50.7% (5533) 1.00 (0.96–1.05) 1.00 (0.95–1.05)
Chronic heart failure 28.1% (6124) 29.8% (3215) 1.09 (1.03–1.14) 1.00 (0.95–1.06)
Cardiac arrhythmia 6.6% (1441) 7.4% (807) 1.13 (1.03–1.24) 1.00 (0.91–1.10)
Hypertension 30.0% (6543) 31.6% (3445) 1.08 (1.03–1.13) 1.00 (0.95–1.05)
Epilepsy 2.1% (451) 1.8% (198) 0.87 (0.74–1.04) 0.99 (0.83–1.17)
Asthma/COPD 8.4% (1837) 8.5% (925) 1.01 (0.93–1.10) 1.00 (0.92–1.09)
Any chronic pulmonary disease 10.4% (2258) 11.1% (1209) 1.08 (1.00–1.16) 1.00 (0.93–1.08)
Pulmonary circulation disorders 0.1% (19) 0.1% (11) 1.16 (0.55–2.44) 1.01 (0.48–2.15)
Diabetes 14.1% (3066) 12.8% (1395) 0.90 (0.84–0.96) 0.99 (0.93–1.06)
Complicated diabetes 16.1% (3506) 14.9% (1625) 0.91 (0.86–0.98) 0.99 (0.93–1.06)
Schizophrenia 1.3% (282) 1.1% (121) 0.86 (0.69–1.06) 0.97 (0.78–1.21)
Bipolar disorder/depression 1.8% (388) 2.7% (291) 1.51 (1.30–1.77) 1.00 (0.85–1.17)
Psychosis 3.7% (806) 5.7% (624) 1.58 (1.42–1.76) 1.00 (0.90–1.12)
Metastatic cancer 0.2% (41) 0.2% (18) 0.88 (0.51–1.53) 0.99 (0.56–1.74)
Any tumor 12.2% (2666) 13.0% (1420) 1.08 (1.00–1.15) 1.00 (0.93–1.08)
Renal failure 1.3% (273) 1.0% (109) 0.80 (0.64–1.00) 0.97 (0.77–1.22)
Hemiplegia 0.5% (99) 0.5% (59) 1.19 (0.86–1.65) 1.01 (0.72–1.40)
Coagulopathy 0.6% (135) 0.7% (78) 1.16 (0.87–1.53) 1.01 (0.75–1.34)
Liver disease 1.1% (231) 1.0% (110) 0.95 (0.76–1.20) 0.99 (0.79–1.26)
Peripheral vascular disorder 4.4% (958) 5.0% (550) 1.16 (1.04–1.29) 1.00 (0.90–1.12)
Anemia 6.8% (1485) 6.4% (693) 0.93 (0.85–1.02) 0.99 (0.90–1.09)
Fluid and electrolyte disorders 2.9% (633) 3.4% (367) 1.17 (1.02–1.33) 1.00 (0.87–1.14)
Alcohol abuse 1.1% (239) 1.5% (162) 1.36 (1.11–1.66) 1.01 (0.81–1.23)
Substance abuse 1.6% (343) 2.0% (218) 1.28 (1.08–1.52) 1.00 (0.84–1.19)
Previous hospital-treated fracture 19.1% (4165) 21.3% (2328) 1.15 (1.09–1.22) 1.00 (0.95–1.07)
Hip fracture 5.3% (1153) 6.2% (673) 1.18 (1.07–1.30) 1.00 (0.91–1.11)
Stroke 8.8% (1928) 10.1% (1097) 1.15 (1.07–1.25) 1.01 (0.93–1.09)
Drug use
Drug use ever before the start of the follow-up
Opioids 20.3% (4419) 24.6% (2678) 1.28 (1.21–1.35) 1.00 (0.95–1.06)
Antipsychotics 10.0% (2175) 10.5% (1147) 1.06 (0.98–1.15) 0.99 (0.92–1.07)
BZDRs 34.8% (7583) 45.4% (4952) 1.56 (1.49–1.64) 1.01 (0.96–1.07)
Antidepressants 13.5% (2942) 21.2% (2315) 1.73 (1.63–1.84) 1.01 (0.94–1.08)
Bisphosphonates 13.4% (2915) 14.3% (1560) 1.08 (1.01–1.16) 1.00 (0.93–1.07)
Anti-parkinson drugs 3.3% (727) 3.8% (410) 1.13 (1.00–1.28) 1.00 (0.88–1.14)
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periods. The analyses were adjusted for time-dependent use
of benzodiazepines and related drugs, antipsychotics, and
opioids.
Statistical analyses were performed using SAS statis-
tical software, version 9.3 (SAS Institute, Inc., Cary, NC,
USA). Data were retrieved from the registers by the
register maintainers and de-identified register data were
submitted to the research team. Participants were not
contacted in any way. According to Finnish legislation,
no ethics committee approval is required in these
circumstances.
Results
In this study, 10,910 antidepressant users and 21,820
matched nonusers were included; the majority of these
were women in both groups (69.0%). The mean age of
antidepressant users was 79.5 (standard deviation (SD)
6.8) years and 79.6 (SD 6.7) years for nonusers. Table 1
shows the comparison between users and nonusers in
terms of baseline characteristics. Antidepressant users
were more likely to use other psychotropic drugs (anti-
psychotics and benzodiazepines and related drugs) and
opioids and to have history of hospital-treated bipolar
disorder or depression. None of the factors were associ-
ated with antidepressant use after adjusting for propen-
sity score.
During the follow-up (median 249 days, interquartile
range (IQR) 77–642 days, for antidepressant users and
656 days, IQR 316–1155, for nonusers), 1373 head injur-
ies were recorded and 677 (49%) of them were TBIs.
Age-adjusted incidence rate for head injuries per 100
person-years was 2.98 (95% confidence interval (CI)
2.49–3.06) during antidepressant use and 2.43 (95% CI
2.06–2.35) during nonuse (incidence rate difference 0.55,
95% CI 0.52–0.58). Age-adjusted incidence rate for TBIs
per 100 person-years was 1.33 (95% CI 1.13–1.53) during
antidepressant use and 1.10 (95% CI 1.00–1.20) during
nonuse (incidence rate difference 0.23, 95% CI 0.21–0.25).
Antidepressant use was associated with an increased
risk of head injury (propensity score adjusted hazard ra-
tio (HR) 1.35, 95% CI 1.20–1.52) and TBI (HR 1.26, 95%
CI 1.06–1.50) (Tables 2 and 3). The risk was highest at
the beginning of antidepressant use (HR 1.71, 95% CI
1.10–2.66, for head injury, and HR 2.06, 95% CI 1.12–
3.82, for TBI). For head injury, the risk remained ele-
vated even until 2 years of use whereas, for TBI, the risk
was significant only for the first 30 days of use, although
the point estimate was indicative of an increased risk
with longer durations of use. SSRI use was associated
with an increased risk of head injury (HR 1.26, 95% CI
1.10–1.45), whereas drug class analyses for TBI showed
no risk for either drug classes. Antidepressants were
associated with both outcomes in as-treated and
intention-to-treat analyses for the first 180 days of
use, although the confidence intervals for TBI also in-
cluded 1. No significant dose-response for risk of head
injuries or TBIs was found in analyses of dose categories
(Additional file 1: Table S1).
In case-crossover analyses, antidepressant use was
consistently associated with higher risk of head injury in
all control periods, adjusted odds ratios (ORs) ranging
from 1.64 to 2.04 (control periods 30-45, 60–74 and
120–134 days, respectively; Table 4). For TBI, anti-
depressant use was significantly associated with an in-
creased risk only with the control period 120–134 days
(OR 1.81, 95% CI 1.22–2.69), although the point esti-
mates were indicative of the increased risk.
Discussion
To our knowledge, this is the first study to assess the
risk of head and brain injuries associated with anti-
depressant use. Antidepressant users had an increased
risk of head injuries and TBIs among persons with Alz-
heimer’s disease in the exposure-matched cohort design
while adjusting for propensity score. The risk was high-
est at the beginning of antidepressant use and, for head
injuries, lasted for over 2 years of use and, for traumatic
brain injury, the risk was evident only at the beginning
of use although the risk estimates were also suggestive
of increased risk after that. As-treated and intention-to-
treat analyses for the first 180 days resulted in similar re-
sults as for the main analyses. Sensitivity analyses with
within-individual case-crossover design indicated that
antidepressant use is associated with an increased risk of
Table 1 Comparison of antidepressant users and nonusers in terms of baseline characteristics, and unadjusted and propensity score
adjusted logistic regression for differences (Continued)
Antiepileptics 7.5% (1636) 8.9% (975) 1.21 (1.11–1.32) 1.00 (0.92–1.09)
Analgesics 78.9% (17,215) 82.1% (8952) 1.22 (1.15–1.30) 1.01 (0.95–1.07)
Cardiovascular drugs 84.0% (18,328) 85.5% (9327) 1.12 (1.05–1.20) 1.00 (0.94–1.07)
Drug use at the start of the follow-up
Opioids 3.9% (851) 7.4% (805) 1.96 (1.78–2.17) 1.00 (0.90–1.11)
Antipsychotics 13.2% (2875) 20.7% (2260) 1.72 (1.62–1.83) 1.00 (0.94–1.08)
BZDRs 16.9% (3696) 31.0% (3379) 2.20 (2.09–2.32) 1.00 (0.92–1.08)
BZDR benzodiazepines and related drugs, CI confidence interval, COPD chronic obstructive pulmonary disease, OR odds ratio
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head injuries but not consistently with TBIs. In general,
the associations between antidepressant use and TBIs
were less consistent and some analyses lacked statistical
significance although the risk estimates indicated an in-
creased risk, possibly due to small number of events for
users.
Our study population included persons with Alzheimer’s
disease who are at increased risk of falling compared with
cognitively intact older persons [21]. Previous studies also
show that persons with AD have two- to three-times
higher risk of injurious falls such as hip fractures [22, 23].
Previous studies have indicated that antidepressant use is
associated with an increased risk of falls and fractures
among older persons [8–10]. Our results on an increased
risk of head and brain injuries which typically are caused
by falls are in line with these previous results. As anti-
depressant use has been associated with an increased
risk of falling among the general older population it is
likely that the risk of head and brain injuries is not lim-
ited to persons with AD or dementia and further stud-
ies should be conducted among older persons without
dementia/AD. Our findings are particularly concerning
in the light of recent studies reporting an increasing
trend of antidepressant use among persons with de-
mentia [2, 7]. These trends imply that antidepressants
are used as the “safer choice” instead of antipsychotics
for various BPSD symptoms, and this treatment prac-
tice may prove problematic.
The mechanisms behind the high risk for injurious
falls are assumed to be related to the fall-risk increasing
features of antidepressants [8], as the majority of head
and brain injuries are caused by falls among older per-
sons [12]. Sedative drug use has been associated with
slower walking speed, impaired balance [24], and lower
strength among older persons [25]. These findings may
partially be explained by the sedative effects of antide-
pressants to various receptor activities in the central
nervous system. The second-generation antidepressants
antagonize H1 and alpha2-receptors leading to sedation
[26, 27]. Antagonism of muscarinic receptors is known
to cause sedative effects [26], although tricyclics were
infrequently used in our study. Antidepressant use is
shown to impair cognitive processing and produce impair-
ments in alertness, reaction time, and motor abilities, and
these have been also associated with SSRIs [28]. In
addition, antidepressants are also known to increase the
risk of hyponatremia [9, 29] which may lead to falls [30].
For head injuries, SSRI use was associated with an in-
creased risk whereas other antidepressants were not
significantly associated. For TBI, neither SSRI or other
antidepressants resulted in significant associations pos-
sibly due to the smaller number of TBIs. It is unlikely
Table 2 Antidepressant use and associated risk of head injury among persons with Alzheimer’s disease
Number of
events
Person
years
Age-adjusted event rate per
100 person-years (95% CI)
Unadjusted HR (95% CI) Adjusted HR (95% CI)a Propensity score
adjusted HR (95% CI)
Users compared with nonusers
Nonusers 981 47,423 2.43 (2.06–2.35) Reference Reference Reference
Users 392 13,178 2.98 (2.49–3.06) 1.38 (1.23–1.55) 1.36 (1.21–1.53) 1.35 (1.20–1.52)
Antidepressant use classified according to duration of use
1–30 days 37 877 3.97 (2.70–5.25) 2.15 (1.35–3.41) 2.12 (1.33–3.36) 1.71 (1.10–2.66)
31–180 days 102 3152 3.09 (2.49–3.70) 1.27 (1.00–1.61) 1.25 (1.00–1.59) 1.35 (1.06–1.71)
181–365 days 84 2669 3.07 (2.41–3.73) 1.35 (1.05–1.75) 1.33 (1.03–1.72) 1.35 (1.05–1.75)
366–731 days 90 3289 2.64 (2.10–3.18) 1.29 (1.01–1.64) 1.27 (1.00–1.62) 1.28 (1.01–1.63)
> 731 days 79 3213 2.29 (1.56–3.01) 1.50 (1.17–1.93) 1.48 (1.15–1.91) 1.35 (1.05–1.74)
Drug class specific analyses (n = 38 concomitant users excluded)
Other antidepressant 110 4465 2.24 (1.78–2.71) 1.01 (0.83–1.23) 0.95 (0.77–1.16) 0.94 (0.77–1.15)
SSRI 246 7664 2.74 (2.40–3.99) 1.32 (1.15–1.52) 1.28 (1.11–1.48) 1.26 (1.10–1.45)
As-treated analyses restricted to the first 180 days
Nonusers 248 9758 2.33 (2.03–2.63) Reference Reference Reference
Users 139 4032 3.29 (2.74–3.84) 1.36 (1.11–1.68) 1.31 (1.06–1.62) 1.34 (1.08–1.66)
Intention-to-treat analyses restricted to the first 180 days
Nonusers 268 10,226 2.35 (2.05–2.65) Reference Reference Reference
Users 173 5060 3.25 (2.76–3.75) 1.31 (1.08–1.58) 1.26 (1.03–1.53) 1.34 (1.10–1.64)
The reference category in all analyses is nonuse
aAdjusted for cardiovascular disease, diabetes, asthma/COPD, epilepsy, substance abuse, cancer, schizophrenia, bipolar disorder or depression, baseline use of
antipsychotics, opioids and benzodiazepines and related drugs, history of stroke and hip fracture, and socioeconomic position
CI confidence interval, HR hazard ratio, SSRI selective serotonin reuptake inhibitor
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that the risk of head injuries would be limited to SSRIs.
Many antidepressants in the “other antidepressant” cat-
egory, such as mianserine, mirtazapine, and some tri-
cyclic antidepressants, have more pronounced sedative
effects than SSRIs [26, 28]. In the study by Coupland et
al., SSRIs were associated with a somewhat higher risk
of falls than other antidepressants but a lower risk of
many other adverse outcomes, and a similar risk of
fractures [9]. Thus, differential risks associated with
antidepressant classes should be further studied in
future.
Strengths and limitations
We investigated antidepressant use and the associated
risk of head and brain injuries in a large, nationwide
cohort including community-dwelling persons with
Alzheimer’s disease. The results are generalizable to
community-dwelling persons with AD. The analyses
were restricted to the first head or brain injury to avoid
multiple hospitalizations due to the same event. The new
user design, with exclusion of prevalent users, controls for
survival and selection biases associated with prevalent use.
As aging and the progression of AD increases the risk of
Table 3 Antidepressant use and associated risk of traumatic brain injury among persons with Alzheimer’s disease
Number of
events
Person
years
Age-adjusted event rate per
100 person-years (95% CI)
Unadjusted HR (95% CI) Adjusted HR (95% CI)a Propensity score
adjusted HR (95% CI)
Users compared with nonusers
Nonusers 492 47,514 1.10 (1.00–1.20) Reference Reference Reference
Users 185 13,184 1.33 (1.13–1.53) 1.30 (1.10–1.54) 1.25 (1.05–1.49) 1.26 (1.06–1.50)
Antidepressant use classified according to duration of use
1–30 days 21 877 2.27 (1.29–3.25) 2.13 (1.16–3.93) 2.06 (1.12–3.80) 2.06 (1.12–3.82)
31–180 days 46 3,154 1.39 (0.98–1.80) 1.26 (0.88–1.78) 1.21 (0.85–1.73) 1.22 (0.85–1.73)
181–365 days 40 2,678 1.52 (1.04–2.00) 1.25 (0.87–1.81) 1.21 (0.84–1.75) 1.21 (0.84–1.75)
366–731 days 47 3,291 1.38 (0.98–1.77) 1.41 (1.01–1.96) 1.35 (0.97–1.90) 1.36 (0.97–1.90)
> 731 days 31 3,214 0.64 (0.26–1.02) 1.11 (0.75–1.64) 1.07 (0.72–1.58) 1.07 (0.73–1.59)
Drug class specific analyses (compared with nonuse, n = 38 concomitant users excluded)
Other antidepressant 50 4,461 1.08 (0.72–1.43) 0.91 (0.68–1.22) 0.87 (0.65–1.17) 0.86 (0.64–1.15)
SSRI 114 7,671 1.31 (1.06–1.56) 1.22 (0.99–1.49) 1.21 (0.99–1.49) 1.17 (0.95–1.44)
As-treated analyses restricted to the first 180 days
Nonusers 117 9,759 1.13 (0.92–1.34) Reference Reference Reference
Users 67 4,035 1.59 (1.20–1.97) 1.38 (1.02–1.87) 1.23 (0.90–1.67) 1.26 (0.92–1.71)
Intention-to-treat analyses restricted to the first 180 days
Nonusers 129 10,254 1.19 (0.98–1.40) Reference Reference Reference
Users 89 5,084 1.66 (1.31–2.01) 1.39 (1.06–1.83) 1.28 (0.97–1.69) 1.31 (1.00–1.73)
The reference category in all analyses is nonuse
aAdjusted for cardiovascular disease, diabetes, asthma/COPD, epilepsy, substance abuse, cancer, schizophrenia, bipolar disorder or depression, baseline use of
antipsychotics, opioids and benzodiazepines and related drugs, history of stroke and hip fracture, and socioeconomic position
CI confidence interval, HR hazard ratio, SSRI selective serotonin reuptake inhibitor
Table 4 Sensitivity analyses for risk of head injuries (n = 3838) and brain injuries (n = 1914) associated with antidepressant use in
case-crossover design
Unadjusted OR (95% CI) Adjusted OR (95% CI)a
Case window 1–14 days before the head injury
Control window 30–45 days before 1.77 (1.13–2.77) 1.71 (1.09–2.68)
Control window 60–74 days before 1.67 (1.19–2.34) 1.64 (1.17–2.30)
Control window 120–134 days before 2.04 (1.55–2.70) 2.04 (1.55–2.70)
Case window 1–14 days before the traumatic brain injury
Control window 30–45 days before 1.53 (0.83–2.82) 1.46 (0.79–2.70)
Control window 60–74 days before 1.36 (0.85–2.16) 1.33 (0.83–2.11)
Control window 120–134 days before 1.84 (1.24–2.73) 1.81 (1.22–2.69)
aAdjusted for time-dependent use of benzodiazepines and related drugs, antipsychotics, and opiods
CI confidence interval, OR odds ratio
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head and brain injuries, we formed an exposure-matched
cohort design by matching nonusers to every antidepres-
sant initiator. With this design, we were able to control for
time since AD diagnosis which is a proxy for progression
of the disease. We also matched comparison persons in
terms of age since age is a major risk factor for falling [31].
Besides having age, gender, and time since AD diagnosis
utilized in the matching, the analyses were adjusted for
propensity score predicting antidepressant treatment
and propensity score adjusted analyses confirmed the
increased risk. Intention-to-treat analyses controlled for
informative censoring and led to similar results. As in all
observational studies, residual confounding may still exist.
It is possible that the indications of antidepressant use
may partially explain the observed association. In the ob-
servational study setting we lacked precise knowledge on
indications for drug use, and the severity, frequency, and
duration of symptoms for which antidepressants were
used. However, sensitivity analyses with a case-crossover
design were conducted to further assess unmeasured
confounding at an individual level, such as problems
with balance or mobility, and capabilities for activities
of daily functioning. The sensitivity analyses confirmed
results for head injuries and partly for TBIs.
We utilized a mathematical modeling method, PRE2DUP
[19], to construct drug-use periods from Prescription regis-
ter data to retrieve valid estimates of drug exposure [32].
Previous research has demonstrated that the Prescription
register provides valid data for antidepressant use among
older persons [33]. Due to limitations in the registers (i.e.,
lack of data from outpatient care), head and brain injuries
are limited to the cases treated in hospitals or who died due
to injury. Thus, milder events may be lacking and the risks
may be underestimated. Although registers widely cover
data on important confounders, many important factors,
such as the severity of AD, frequency and nature of be-
havioral symptoms, or indication for drug use, are not
recorded and, thus, residual confounding may exist.
These factors were controlled for to some extent in
within-individual analyses.
Conclusions
Antidepressant use has been previously associated with
an increased risk of falls, but our novel findings indicate
that they are associated with severe injurious falls, i.e.,
those resulting in head or brain injuries among persons
with Alzheimer’s disease. The association between anti-
depressant use and head and brain injuries should be
confirmed in further studies. As antidepressant use has
also been associated with an increased risk of falling in
previous studies, clinicians should keep on carefully con-
sidering indications and use of antidepressants for the
safety of vulnerable patients.
Additional file
Additional file 1: Detailed description of covariates. Covariates in the
propensity score. Table S1. Risk of head and brain injury associated with
antidepressant monotherapy according to dose categories. (DOC 42 kb)
Acknowledgements
None.
Funding
No funding was received for this study.
Availability of data and materials
No additional data available.
Authors’ contributions
All authors contributed to design of the study, data collection, data
interpretation, and critically revised and approved the manuscript. HT, PL,
RS, and AMT designed statistical analyses. HT had full access to all of the
data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis (acts as guarantor).
Ethics approval and consent to participate
Data were retrieved from the registers by the register maintainers and
de-identified register data were submitted to the research team. Participants
were not contacted in any way. According to Finnish legislation, no ethics
committee approval is required in these circumstances.
Consent for publication
Not applicable.
Competing interests
HT, JT, and AT have participated in research projects funded by Janssen and
Eli Lilly with grants paid to the institution where they were employed. AT is
a member of Janssen advisory board. JT has served as a consultant to
Lundbeck, Organon, Janssen-Cilag, Eli Lilly, AstraZeneca, F. Hoffman-La Roche,
and Bristol-Myers Squibb. He has received fees for giving expert opinions to
Bristol-Myers Squibb and GlaxoSmithKline, lecture fees from Janssen-Cilag,
Bristol-Myers Squibb, Eli Lilly, Pfizer, Lundbeck, GlaxoSmithKline, AstraZeneca,
and Novartis, and a grant from Stanley Foundation. JT is a member of
advisory boards for AstraZeneca, Janssen-Cilag, and Otsuka. MK has received a
personal research grant from Oy H. Lundbeck Ab foundation outside the
submitted work. The remaining authors declare that they have no competing
interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Kuopio Research Centre of Geriatric Care, University of Eastern Finland, PO
Box 1627, 70211 Kuopio, Finland. 2School of Pharmacy, University of Eastern
Finland, PO Box 1627, 70211 Kuopio, Finland. 3Department of Forensic
Psychiatry, Niuvanniemi Hospital, University of Eastern Finland, Kuopio,
Finland. 4Research Centre for Comparative Effectiveness and Patient Safety
(RECEPS), University of Eastern Finland, PO Box 1627, 70211 Kuopio, Finland.
5Department of Clinical Neuroscience, Karolinska Institutet, Tomtebodavägen
18A, 5th floor, 171 77 Stockholm, Sweden. 6Impact Assessment Unit, National
Institute for Health and Welfare, PO Box 30, 00271 Helsinki, Finland. 7Centre
for Research Methods, Department of Social Research, University of Helsinki,
P.O. Box 54, 00014 Helsinki, Finland. 8Department of Psychiatry, Kuopio
University Hospital, PO Box 100, 70029 Kuopio, Finland.
Received: 4 April 2017 Accepted: 6 July 2017
References
1. World Health Organization and Alzheimer’s Disease International. Dementia:
a public health priority. Geneva: World Health Organization; 2012.
Taipale et al. Alzheimer's Research & Therapy  (2017) 9:59 Page 9 of 10
2. Martinez C, Jones RW, Rietbrock S. Trends in the prevalence of antipsychotic
drug use among patients with Alzheimer's disease and other dementias
including those treated with antidementia drugs in the community in the
UK: a cohort study. BMJ Open. 2013;7:3.
3. Taipale H, Koponen M, Tanskanen A, Tolppanen A, Tiihonen J, Hartikainen S.
High prevalence of psychotropic drug use among persons with and
without Alzheimer's disease in Finnish nationwide cohort. Eur
Neuropsychopharm. 2014;24:1729–37.
4. Laitinen M-L, Lönnroos E, Bell JS, Lavikainen P, Sulkava R, Hartikainen S. Use of
antidepressants among community-dwelling persons with Alzheimer's disease:
a nationwide register-based study. Int Psychogeriatr. 2015;27:669–72.
5. Puranen A, Taipale H, Koponen M, Tanskanen A, Tolppanen AM, Tiihonen J,
et al. Incidence of antidepressant use in community-dwelling persons with
and without Alzheimer’s disease: 13-year follow-up. Int J Geriatr Psychiatry.
2017;32:94-101. Epub head of print Feb 28.
6. Mittal V, Kurup L, Williamson D, Muralee S, Tampi RR. Review: risk of
cerebrovascular adverse events and death in elderly patients with dementia
when treated with antipsychotic medications: a literature review of
evidence. Am J Alzheimers Dis Other Demen. 2011;26:10–28.
7. Norgaard A, Jensen-Dahm C, Gasse C, Hansen HV, Waldemar G. Time trends
in antipsychotic drug use in patients with dementia: a nationwide study. J
Alzheimer Dis. 2015;49:211–20.
8. Hartikainen S, Lönnroos E, Louhivuori K. Medication as a risk factor for falls:
critical systematic review. J Gerontol A Biol Sci Med Sci. 2007;62:1172–81.
9. Coupland C, Dhiman P, Morriss R, Arthur A, Barton G, Hippisley-Cox J.
Antidepressant use and risk of adverse outcomes in older people:
population based cohort study. BMJ. 2011;343:d4551.
10. Oderda LH, Young JR, Asche CV, Pepper GA. Psychotropic-related hip
fractures: meta-analysis of first generation and second-generation
antidepressant and antipsychotic drugs. Ann Pharmacother. 2012;46:917–28.
11. Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G, Kobusingye OC. The
impact of traumatic brain injuries: a global perspective. NeuroRehabilitation.
2007;22:341–53.
12. Fu TS, Jing R, McFaull SR, Cusimano MD. Recent trends in hospitalization
and in-hospital mortality associated with traumatic brain injury in
Canada: a nationwide, population-based study. J Trauma Acute Care
Surg. 2015;79:449–54.
13. Thompson HJ, McCormick WC, Kagan SH. Traumatic brain injury in older
adults: epidemiology, outcomes and future implications. J Am Geriatr Soc.
2006;54:1590–5.
14. Hwang HF, Cheng CH, Chien DK, Yu WY, Lin MR. Risk factors for traumatic brain
injuries during falls in older persons. J Head Trauma Rehabil. 2015;30:E9–17.
15. Tolppanen AM, Taipale H, Koponen M, Lavikainen P, Tanskanen A, Tiihonen
J, et al. Use of existing data sources in clinical epidemiology: Finnish health
care registers in Alzheimer’s disease research–—the Medication use among
persons with Alzheimer’s disease (MEDALZ-2005) study. Clin Epidemiol.
2013;5:277–85.
16. Finnish Medical Society Duodecim, Helsinki. Current care: memory disorders.
2010. http://www.kaypahoito.fi. Accessed 27 May 2015.
17. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM.
Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA work
group under the auspices of department of health and human services task
force on Alzheimer's disease. Neurology. 1984;34:939–44.
18. WHO Collaborating Centre for Drug Statistics Methodology. The Anatomical
therapeutic chemical classification system. structure and principles. http://
www.whocc.no/atc/structure_and_principles/. Accessed 27 May 2015.
19. Tanskanen A, Taipale H, Koponen M, Tolppanen AM, Hartikainen S, Ahonen
R, et al. From prescription drug purchases to drug use periods—a second
generation method (PRE2DUP). BMC Med Inform Decis Mak. 2015;15(1):21-
015-0140-z. doi:10.1186/s12911-015-0140-z.
20. Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res.
2011;46:399–424.
21. van Doom C, Gruber-Baldini AL, Zimmerman S, Hebel JR, Cl P, Baumgarten
M, et al. Dementia as a risk factor for falls and fall injuries among nursing
home residents. J Am Geriatric Soc. 2003;51:1213–8.
22. Baker NL, Cook MN, Arrighi HM, Bullock R. Hip fracture risk and subsequent
mortality among Alzheimer's disease patients in the United Kingdom,
1988–2007. Age Ageing. 2011;40:49–54.
23. Tolppanen AM, Lavikainen P, Soininen H, Hartikainen S. Incident hip
fractures among community dwelling persons with Alzheimer's disease in a
Finnish nationwide register-based cohort. PLoS One. 2013;8:e59124.
24. Taipale H, Bell JS, Gnjidic D, Sulkava R, Hartikainen S. Sedative load among
community-dwelling people aged 75 years or older. Association with
balance and mobility. J Clin Psychopharmacol. 2012;32:218–24.
25. Taipale HT, Bell JS, Gnjidic D, Sulkava R, Hartikainen S. Muscle strength and
sedative load in community-dwelling people aged 75 years and older: a
population-based study. J Gerontol A Biol Sci Med Sci. 2011;66:1384–92.
26. Bourin M, Briley M. Sedation, an unpleasant, undesirable and potentially
dangerous side-effect of many psychotropic drugs. Hum Psychopharmacol.
2004;19:135–9.
27. Tiligada E, Kyriakidis K, Chazot PL, Passani MB. Histamine pharmacology and
new CNS drug targets. CNS Neurosci Ther. 2011;17:620–8.
28. Hinmarch I. Cognitive toxicity of pharmacotherapeutic agents used in social
anxiety disorder. Int J Clin Pract. 2009;63:1085–94.
29. De Picker L, Van Den Eede F, Dumont G, Moorkens G, Sabbe BG.
Antidepressants and the risk of hyponatremia a class-by-class review of
literature. Psychosomatics. 2014;55:536–47.
30. Tachi T, Yokoi T, Goto C, Umeda M, Noguchi Y, Yasuda M, et al. Hyponatremia
and hypokalemia as risk factors for falls. Eur J Clin Nutr. 2015;69:205–10.
31. Lehtola S, Koistinen P, Luukinen H. Falls and injurious falls late in home-dwelling
life. Arch Gerontol Geriatr. 2006;42:217–24.
32. Taipale H, Tanskanen A, Koponen M, Tolppanen AM, Tiihonen J, Hartikainen
S. Agreement between PRE2DUP register data modeling method and
comprehensive drug use interview among older persons. Clin Epidemiol.
2016;8:363–71.
33. Rikala M, Hartikainen S, Sulkava R, Korhonen MJ. Validity of the Finnish
Prescription Register for measuring psychotropic drug exposures among
elderly Finns. Drugs Aging. 2010;27:337–49.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Taipale et al. Alzheimer's Research & Therapy  (2017) 9:59 Page 10 of 10
